u-This report reviews the characteristic symptoms of disabling positional vertigo (DPV), and the tests used to reach a differential diagnosis of this disorder. Twenty-one patients were operated on consecutively for management of DPV between March, 1983, and September, 1984. In all patients one or more arteries or veins was found to be compressing the eighth cranial nerve when the nerve was exposed for microvascular decompression to relieve the symptoms of DPV. After the operation, 16 of the 21 patients were free of symptoms, or symptoms were so much improved that the patients returned to normal work or social life. Two patients had no improvement and three had limited relief of symptoms postoperatively. None of the patients experienced hearing loss as a result of the operation to relieve DPV, but one patient suffered a cerebellar contusion during the operation.
I
N a previous report, 8 we described a disease entity characterized by severe vertigo or dysequilibrium, different from that which accompanies such disorders as Mrnirre's disease, vestibular neuronitis, benign paroxysmal positional vertigo, and vertebral artery insufficiency. We have called this disease entity "disabling positional vertigo" (DPV). The symptoms of these patients differ from those mentioned above in several ways. Thus, patients with DPV experience their symptoms more or less constantly and not in well defined attacks such as those seen in M~nirre's disease TM or in benign paroxysmal positional vertigo) -4,9 Patients with DPV also do not have the fluctuating hearing loss characteristic of Mrnirre's disease, and their vertigo or dysequilibrium is precipitated by any head movement and is not fatiguable, as it is in patients with benign paroxysmal positional vertigo. In addition, patients with DPV experience no relief of symptoms with administration of the commonly used vestibular suppressive medications. In patients with DPV, we have found that the eighth cranial nerve is cross-compressed by one or more blood vessels, and that microvascular deCompression of the eighth cranial nerve relieves the symptoms. 8 We have previously described the results of microvascular decompression in nine patients to relieve DPV; the present report gives the results of treating 21 additional patients by this procedure. The information gained from studying these 30 patients has enabled us to identify characteristics of DPV which differentiate this compression syndrome from other causes of dizziness.
Clinical Material and Methods
The study population reported upon here comprises 21 patients, six men and 15 women, aged from 22 to 60 years. The duration of their symptoms ranged between 1 and 13 years. The patients were selected for operative treatment on the basis of case history and test results. In addition, all patients selected for operation had been taking one or more of the vestibular suppressive medications frequently prescribed, but without any beneficial effect. The physical condition of the patients was also a factor in their selection for operation: generally, patients more than 65 to 70 years of age were not considered for operative treatment even when their symptoms and signs were consistent with DPV. ditory evoked potentials (BAEP's), audiometric evaluation, and otologic and neurological evaluation and vestibular testing. The methods used to record BAEP's have been described in detail elsewhere, m,17 Surface electrodes were placed on the forehead and ipsilateral mastoid, and 2-kHz tonebursts of 1-msec duration were presented through light earphones* at a rate of 10/sec and at a peak equivalent intensity of 95 dB. Potentials were recorded differentially from the electrodes, and amplifledt with a bandwidth of 10 to 3000 Hz and averaged using an LSI 11/23 processor with a sampling interval of 40 usec and 256 data points in each recording. The averaged responses were then filtered digitally, m Digital filtering does not displace the peaks but enhances the peaks and suppresses noise. Computer programs identified the peaks and printed the exact latencies of each peak. By using tonebursts as stimuli and filtering the responses digitally, small changes in the early peaks of the BAEP's can be detected, and the effects of a sensorineural hearing loss on the BAEP's is minimized. 16, 17 Pure-tone audiograms, speech reception thresholds, and speech discrimination scores were obtained from each patient by standard audiometric methods using recorded speech material. The acoustic middle ear reflex response was recorded using an impedance bridge in response to contralateral stimulation with pure tones of frequencies 0.5, 1, and 2 kHz of 1.5-sec duration.~ In addition to obtaining the reflex threshold at these frequencies, the growth of the reflex response amplitude was measured by recording the responses as the stimulus intensity was increased in 5-dB steps.
Vestibular testing comprised oculomotor screening tests, recording of spontaneous and positional nystagmus, caloric test, posturography, and rotational testing. All vestibular testing was performed at the vestibular laboratory of the Eye and Ear Hospital of Pittsburgh. Water at 30* or 44"C was applied through a closed loop to each ear, either using the same temperature to stimulate both ears simultaneously (simultaneous binaural bithermal) or alternating hot and cold water to each ear (alternating stimulation). Spontaneous and positional nystagmus was recorded, and oculomotor function was tested using conventional methods, m Posturography and rotational tests were performed on 19 of the patients. The test results were interpreted by the physician in charge of that laboratory.
Operative Procedure and Intraoperative Monitoring
Microvascular decompression to relieve DPV was carried out under endotracheal anesthesia with the patient in the contralateral lateral decubitus position. The approach was through a retromastoid craniectomy as described previously. 5-7 Auditory evoked potentials were monitored throughout the operation, using methods described previously. '3 Before the eighth cranial nerve was exposed, BAEP's were recorded from electrodes placed on the scalp (one at the vertex and one in front of the ipsilateral ear), then as soon as the eighth cranial nerve was exposed compound action potentials were recorded directly from this nerve and were monitored for the duration of the decompression procedure. The sound stimuli were 2-kHz tonebursts of 1-msec duration presented through insert earphones,w and both the responses recorded from scalp electrodes and those recorded directly from the eighth cranial nerve were amplified with a bandwidth of 3 to 3000 Hz. The responses were then averaged using an LSI 11/23 processor with 40-1zsec sampling intervals, and displayed on an oscilloscope, together with the baseline recording obtained at the beginning of that procedure.
Summary of Cases

Symptoms
Patients with DPV present with a variety of symptoms that often change over time, both in character and in intensity. The most common symptom is a spinning/ whirling sensation that is worse when the head is in a specific position and is commonly associated with nausea and occasionally with vomiting. Some patients deny having vertigo, but note that they constantly feel offbalance, sometimes stagger, and feel clumsy, and often bump into objects when walking. Many of these patients need to be supported while walking, saying that they feel they are "walking like a drunk person." Some patients describe a sensation of rocking or waving inside the head.
Characteristically, all patients with DPV experience worsening of symptoms with increased physical activity, and abatement or even absence of symptoms with bed rest. It is also typical for patients with DPV to receive little or no relief from the drugs usually used to suppress vestibular symptoms, such as Antivert (meclizine), Dramamine (dimenhydrinate), and TransDermscop (scopalamine), and some patients report that their symptoms become even worse after they have taken such medication. Of all the drugs tried, only Valium (diazepam) has given relief in some cases. These patients are all disabled by their symptoms to such an extent that they are usually confined to their houses and are highly dependent upon other people in performing daily activities.
In addition to the symptoms of vestibular disturbances just described, many patients with DPV also have w Insert earphones, Type 875050, manufactured by Madsen Electronics, P.O. Box 535, 1074 South Service Road, Oakville, Ontario, Canada.
Treatment of disabling positional vertigo
symptoms of auditory nerve and/or adjacent cranial nerve involvement. One such symptom is tinnitus, which in patients with DPV is often of a hissing or pulsatile type and is usually more pronounced on one side. Some patients report intermittent sharp ear pain, indicating involvement of the intermedius nerve, while others have noted a slight twitching around the eye on one side, indicating involvement of the seventh cranial nerve. A few patients report episodes of numbness on one side of the face and a few have experienced sharp pain in one of the areas of the face innervated by a branch of the trigeminal nerve. Last, three patients in this series also had mild titubation. However, these additional symptoms are often subtle, and were never found to dominate these patients' main symptoms of vertigo or dysequilibrium. A summary of the most common symptoms of DPV is given in Table 1 .
Test Results
The results of vestibular and auditory testing in patients with DPV show findings characteristic of either hyperactivity or hypoactivity of the eighth cranial nerve. The results in the 21 patients in this series are shown in Table 2 .
Our studies have shown that, of all tests used to differentiate patients with eighth cranial nerve lesions from those with vestibular symptoms due to other causes, BAEP recording is the most helpful. Patients whose symptoms are due to a lesion of the eighth cranial nerve have an increased latency between peaks I and III on the side of the lesion, and/or a prolonged latency of wave V on the opposite side. Earlier studies have shown that, in man, BAEP peak II is generated by the proximal portion of the auditory nerve and that peak III is generated by the cochlear nucleus. 1~'12't4'~5 An increased latency between peaks I and III therefore indicates increased conduction time in the auditory nerve.
The BAEP changes seen in patients with DPV are similar to those seen in patients with surgically confirmed acoustic nerve tumors. ~6 Figure 1 left shows BAEP's from a patient with a tumor on the acoustic nerve compared with those obtained in a patient with DPV in whom cross-compression of the eighth cranial nerve was verified during the operation to relieve the symptoms (Fig. 1 right) . The BAEP changes in these two patients are similar; in particular, the only BAEP abnormality in either patient was an increase in the latency between peaks I and III. As shown in Table 2 , 18 of the 20 patients in whom hearing could be measured had abnormal BAEP's, and only two patients had normal interpeak latency intervals.
While this change in BAEP interpeak latency is the most characteristic finding in patients with DPV, many patients with this disorder also have abnormal results on other audiological tests. In this series of 21 patients, 10 patients had unilateral sensorineural hearing loss ranging from mild to moderate, and 10 had abnormal or absent acoustic middle ear reflexes. Some patients had relatively marked hearing losses but small BAEP changes, while others had normal hearing but pronounced BAEP changes. The results of audiological testing in two such patients are seen in Figs. 2 and 3. It is interesting to note that the pure-tone threshold in the M. B. M~ller, et al.
affected ear improved after microvascular decompression in the patient with pronounced hearing loss, but that this patient's speech discrimination scores showed no change at the 3-month follow-up visit. These test results indicate that, although these patients' major symptoms are caused by a vestibular nerve disorder, the auditory nerve is also affected to a great extent. When the results of audiological testing and BAEP recording were taken together, 19 of the 20 patients with measurable hearing had at least one of the following: an abnormal audiogram, an abnormal acoustic middle ear reflex, or abnormal BAEP's.
Seventeen of the 21 patients with DPV also had abnormal results on vestibular testing. The abnormalities included unilateral reduced response to caloric stimulation in 12 patients, and/or spontaneous or positional nystagmus in 15 patients. Two patients had normal caloric responses, and seven had a directional preponderance on caloric stimulation or a type IV response, both of which are said to indicate a non-localizing vestibulo-ocular dysfunction.
Posturography whom showed a vestibular pattern, two a neuromuscular pattern (one of these patients had been treated with streptomycin for vertigo), and two a normal pattern. Rotational testing was performed in 18 patients, of whom 12 had normal results and five had evidence of asymmetry of the vestibulo-ocular reflex response.
Because the symptom of vertigo alone is nonspecific as to the side of the lesion, it is essential to determine the affected side by other means before surgical treatment of DPV can begin. Specifically, the results of audiovestibular tests and BAEP recording were used to identify which side was affected. The BAEP and the acoustic middle ear reflex were the two most important and the only totally objective indicators of the affected side. However, valuable information about the side of the lesion was also obtained by evaluating symptoms in addition to vertigo. Thus, 14 of the 21 patients had tinnitus, ear pain, face pain, or facial spasm that was localized to one side, in addition to the main symptom of vertigo. Only one of the 21 patients had no symptoms other than vertigo, and the results of the tests were inconclusive regarding which side was affected. Thus, in this patient only (Case 25) an air cisternogram was obtained; this revealed the presence of several vessels near the pontomedullary junction on the fight side.
Operative Findings
All of the 21 patients who were selected for operation had one or more blood vessels in close contact with the intracranial portion of the eighth nerve. In some cases these vessels had made clear indentations on the nerve. The paraflocculus was dissected free from the eighth cranial nerve in most of the patients, and in some cases the compressing vessels were located between the paraflocculus and the eighth cranial nerve.
Postoperative Evaluation
Patients were followed for periods ranging from 6 to 20 months. After microvascular decompression of the eighth cranial nerve, 16 of the 21 patients were free of symptoms or showed a marked improvement in symptoms (Table 2) . Symptoms in two patients were unchanged, and three patients showed only mild improvement in symptoms postoperatively. One patient (Case 16) underwent reoperation and an additional blood vessel was discovered to be compressing the eighth cranial nerve. Another patient (Case 23) had signs of bilateral compression and underwent two separate operations to relieve this compression. Only one patient in this series of 21 had a complication: a cerebellar contusion at operation, which produced a transient gait ataxia and hand incoordination. Table 3 summarizes the results of tests and operation in seven patients discussed in an earlier report. 8 Two patients in this first series of nine patients were not evaluated preoperatively with the same auditory and vestibular tests as were used in this second series of 21 patients because these tests were not available at that time. Therefore, these two patients are not included in Table 3 . However, comparison of the data from the other seven patients in the first series (Table 3) with the data from the 21 patients in this second series (Table 2) shows that the results are much the same for the two series.
Discussion
Studies of large series of patients have shown that cross-compression of the fifth, seventh, or ninth cranial nerve causes symptoms that can be related to hyperactivity of the respective nerves. This explains the origins of trigeminal neuralgia, 6 hemifacial spasm, ~ and glossopharyngeal neuralgia. It has also been shown that microvascular decompression of the respective nerves relieves the symptoms. In the light of these results it was reasonable to assume that the eighth cranial nerve could be subjected to similar compression from vessels in the posterior fossa, and that this compression could give rise to symptoms of hyperactivity and loss of function affecting both the vestibular and the auditory system. It is known from previous studies that compression of cranial nerves is more likely to be symptomatic when it occurs proximal to the Obersteiner-Redlich zone where the axons are insulated by central myelin produced by oligodendroglia. Since the Obersteiner-Red-
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lich zone for the eighth cranial nerve is located in the internal auditory meatus, the entire intracranial portion of the eighth nerve is sensitive to compression.
It is worth noting that in this series of 21 patients as many as 19 of the 20 patients who could be tested had definitely abnormal results on one or more of the objective auditory tests (BAEP's and acoustic middle ear reflex), and that pure-tone audiograms were abnormal in nine patients. (Due to the profound hearing loss The results of vestibular testing were also abnormal in 17 of the 21 patients in this series, indicating that significant vestibular dysfunction was present. 16 However, presently available vestibular test methods cannot distinguish between an end-organ lesion and a vestibular nerve lesion as the cause of abnormalities in the test results. Also, it is difficult to localize the abnormal side on the basis of vestibular testing because vascular compression can cause both hyperactivity and loss of function.
In addition, the fact that many of these patients had ear or face pain or numbness indicates simultaneous involvement of other cranial nerves. The symptoms, when evaluated in the light of objective test results, show clearly that the auditory nerve is involved but strongly point to the intracranial portion of the eighth nerve as the locus of injury. An intracranial site rather than an end-organ lesion is further indicated by involvement of other cranial nerves in some patients.
Patients were evaluated and their individual perception of their symptoms was recorded 6 to 20 months after the operation. At this time, 16 of the 21 patients considered that their symptoms were substantially or completely resolved and all of these 16 patients have returned to normal activities both socially and occupationally. Some have since had isolated episodes of a spinning sensation, each episode lasting only a few seconds. The three patients who had questionable improvement still suffered from some of their preoperative symptoms, but the intensity of the symptoms had decreased by the time of the latest follow-up visit. None of the patients has become worse as a result of the operation.
The time after the operation when the results are evaluated is important for two reasons. First, the nature of the symptoms of the patients with DPV makes it critical to observe these patients over a long period of time after the operation in order to evaluate the efficacy of the procedure. Second, previous experience in the treatment of patients with tinnitus by microvascular decompression has shown that it may take as much as 18 to 20 months for the symptoms to subside completely. The longest time we have been able to observe patients in the present series is 20 months and the shortest time is 6 months. This must be regarded as a relatively short time, and it will be necessary to follow these patients for at least 2 years in order to properly evaluate the results of this surgical procedure.
We cannot, on the basis of this study, estimate the frequency of occurrence of DPV but it seems to be a relatively small proportion of the patients who present with vestibular symptoms. Thus, during a 12-month period we have seen approximately 300 patients with mainly vestibular symptoms. The vast majority of these patients could be treated successfully with medication, and only 10% of these patients were diagnosed as having DPV and were referred for surgery. Vestibular disturbances of one form or another are relatively common, but it is our impression that relatively few of the patients who present with vestibular disturbances have DPV according to the criteria we have followed. In light of the operative findings of the present study, these criteria might be too strict and, subsequently, may have to be revised.
